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(54) Speed change controller for automatic transmission 



(57) In a vehicle transmission wherein plural speed 
change ratios from a highest speed change ratio to a 
lowest speed change ratio are selectively applied 
according to a command input by a driver, a real speed 
change ratio of the transmission is detected. It is deter- 
mined whether or not the transmission is performing a 
shift-down based on the input command and the real 
speed change ratio. A shift-down limit speed change 
ratio is determined based on the speed change ratio 



before the shift-down operation is performed, and when 
the engine brake of the vehicle is operating, the trans- 
mission is controlled so as not to apply a speed change 
ratio larger than this shift-down limit speed change ratio. 
Due to this, the driver does not experience an excessive 
engine braking sensation even when an extreme speed 
change command is issued. 
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Description 

FIELD OF THE INVENTION 

This invention relates to a speed change controller 
for use with an automatic transmission of a vehicle in 
which a manual operation mode is provided. 

BACKGROUND OF THE INVENTION 

In an automatic transmission for a vehicle, the 
speed change ratio is varied automatically according to 
vehicle speed or throttle opening, etc. Apart from the 
automatic operation mode, a speed change control 
device which permits manual operation by a driver is 
disclosed in Tokkai Hei 5-322022 published by the Jap- 
anese Patent Office in 1993. 

This device comprises an operating lever for the 
driver to input a shift-up command or shift-down com- 
mand into the speed change control device. In manual 
mode speed change, the automatic transmission per- 
forms shift-up or shift-down operations according to the 
operating direction and operating frequency of the oper- 
ating lever. That is to say when, for example, the operat- 
ing lever is moved twice in the shift-down direction from 
fourth speed, a shift-down to second speed from fourth 
speed is performed. 

However, when operations of the operating lever 
are successively performed in the same direction, the 
speed changes abruptly from fourth speed to first speed 
in a short time, and as a result the driver experiences an 
excessive engine braking sensation. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to limit man- 
ual speed change operations in an automatic transmis- 
sion comprising a manual mode speed change, such 
that a driver would not experience an excessive engine 
braking sensation. 

In order to achieve the above object, this invention 
provides a speed change controller for outputting a 
speed change ratio command signal to a transmission 
of a vehicle for selectively applying plural speed change 
ratios from a largest speed change ratio to a smallest 
speed change ratio according to a command input by a 
driver. The vehicle comprises an engine being capable 
of exerting an engine brake on the vehicle according to 
a reduction operation input by the driver. 

The controller comprises an engine brake sensor 
for detecting whether or not the vehicle is under the 
action of the engine brake, a real speed change ratio 
detection sensor for detecting a real speed change ratio 
of the transmission, and a microprocessor programmed 
to determine whether or not the transmission is perform- 
ing a shift-down operation based on the real speed 
change ratio and the speed change ratio command sig- 
nal, determine a shift-down limit speed change ratio 



based on the speed change ratio before the shift-down 
operation is performed, and refrain from outputting a 
speed change ratio command signal corresponding to a 
speed change ratio larger than the shift-down limit 

5 speed change ratio when the vehicle is under the action 
of the engine brake. 

The details as well as other features and advan- 
tages of this invention are set forth in the remainder of 
the specification and are shown in the accompanying 

w drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of a speed change 
is control device according to this invention. 

Figs. 2A - 2C are diagrams describing characteris- 
tics of an automatic transmission to which this 
invention is applied according to different operation 
20 modes. 

Fig. 3 is a flowchart describing a process of deter- 
mining a speed range performed by the speed 
change control device in the manual operation 
25 mode. 

Fig. 4 is similar to Fig. 3, but showing a second 
embodiment of this invention. 

30 Fig. 5 is similar to Fig. 3, but showing a third exam- 

ple of this invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

35 

Referring to Fig. 1 of the drawings, a speed change 
control device according to this invention is provided 
with a controller 10 and a step motor 31 which perform 
speed change control of a V-bett continuously variable 

40- transmission. 

The V-belt continuously variable transmission- com- 
prises a primary pulley joined to the engine via a torque 
converter, a secondary pulley joined to a propeller shaft 
which rotates the wheels and a V-belt looped around 

45 these pulleys as disclosed in the aforesaid Tokkai Hei 7- 
301297 as well as USP5.178.044, USP 5,313,125. A 
desired speed change ratio is obtained by varying the 
groove width of these pulleys, the groove width being 
varied according to the angular position of the step 

so motor 31 . 

The controller 10 comprises a microcomputer com- 
prising a central processing unit (CPU), read-only mem- 
ory (ROM), random access memory (RAM) and input- 
output interface (I/O interface). 

55 Signals are input to the controller 10 from a primary 
pulley rotation speed sensor 1 1 which detects a rotation 
speed Npri of the primary pulley, a secondary pulley 
rotation speed sensor 12 which detects a rotation speed 
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Nsec of the secondary pulley, a vehicle speed sensor 
13 which detects a vehicle speed VSP, a throttle open- 
ing sensor 14 which detects a throttle opening TVO of 
an engine, an inhibitor switch 15 which detects an auto- 
matic operation mode designated by the lever attached 
to the continuously variable transmission, an M range 
switch 16 which detects a selection of a manual opera- 
tion mode of the continuously variable transmission, 
and a speed change command detection switch 17 
which detects a speed change ratio command input 
value corresponding to a shift-up operation frequency 
and a shift-down operation frequency in the manual 
operation mode. 

The speed change ratio command input value in 
the manual operation mode comprises six speeds from 
a first speed M1 * to a sixth speed M6*. 

In the manual operation mode, one operation of the 
lever inputs a command to shift -up or shift-down to an 
adjacent speed change ratio according to the operation 
direction thereof. For example, at a fourth speed M4, a 
shift-down command to the first speed M1 is input by 
performing three shift-down operations in succession, 
and then the speed change command detection switch 
17 detects a speed change ratio command input value 
corresponding to the first speed M1 . 

The M range switch 16 and speed change com- 
mand detection switch 17 are both attached to the oper- 
ating lever of the transmission. The operation of this 
lever enables the driver to perform the selection of the 
manual operation mode and shift-up or shift-down in the 
manual operation mode. The automatic operation 
modes comprise a parking mode P, reverse mode R. 
neutral mode N, forward ordinary travel mode D and for- 
ward high performance travel mode Ds. The forward 
high performance travel mode Ds is a mode which 
keeps the engine rotation speed higher than the forward 
ordinary travel mode D. 

Based on these input signals, the controller 10 cal- 
culates a target speed change ratio of the continuously 
variable transmission, and outputs a corresponding 
drive signal to the step motor 31 . 

Describing the construction of the controller 10 
from a functional viewpoint as shown in Fig. 1 , the con- 
troller 10 comprises an M range speed change ratio 
determining unit 20, a target primary rotation speed 
computing unit 21, a final target speed change ratio 
computing unit 22, a speed change ratio limiter unit 23, 
a transient target speed change ratio computing unit 24, 
a real speed change ratio computing unit 25, a target 
speed change ratio deviation computing unit 26, a time 
constant computing unit 27, a time constant lower limit 
limiting unit 28, a time constant variation speed upper 
limit limiting unit 29 and a motor drive signal computing 
unit 30. 

Based on the throttle opening TVO detected by the 
throttle opening sensor 14, and the speed change ratio 
command input values M1* - M6* detected by the speed 
change command detection switch 17, the M range 



speed change ratio determining unit 20 determines 
speed change ratio command values M1 - M6 in the 
manual operation mode by a process described hereaf- 
ter. In the calculation of these speed change ratio com- 
5 mand values Ml - M6, the throttle opening TVO may be 
replaced by an accelerator depression amount, or by 
any other parameter which represents the engine load 
or the intension of acceleration of the driver. 

The target primary rotation speed computing unit 
io 21 performs the following processing according to the 
manual operation mode detected by the M range switch 
16. In the automatic operation mode, a target primary 
rotation speed Npri* is calculated by referring to a map 
of contents shown in Figs. 2 A and 2B on the basis of the 
75 throttle opening TVO, vehicle speed VSP detected by 
the vehicle speed sensor 13, and automatic operation 
mode detected by the inhibitor switch 15. 

This map is stored beforehand in the ROM of the 
controller 10. On the other hand, in the manual opera- 
te tion mode, the target primary rotation speed Npri* is 
calculated by referring to a map of contents shown in 
Fig. 2C based on the speed change ratio command val- 
ues M1 - M6 determined by the M range speed change 
ratio determining unit 20 and the vehicle speed VSP, 
25 This map is also stored beforehand in the ROM of the 
controller 10. 

The f inal target speed change ratio computing unit 
22 calculates a final target speed change ratio basic 
value ipo on the basis of the following equation using 
30 the target primary rotation speed Npri* t and the rotation 
speed Nsec of the secondary pulley detected by the 
secondary pulley rotation speed sensor 12. 

, Npri* 

35 p° Nsec 

The speed change ratio limiter unit 23 sets a 
smaller limit value and a larger limit value of the final tar- 
get speed change ratio based on the operating limits of 

40 the hardware involved in speed change. A final target 
speed change ratio i po is calculated by limiting this final 
target speed change ratio basic value ipo' to smaller and 
larger limits. The value is then output to the transient tar- 
get speed change ratio computing unit 24. All the values 

45 referred to as final target speed change ratio in the 
following description should be understood to mean val- 
ues subject to this limit as processed with respect to 
smaller and larger limiting values. 

The real speed change ratio computing unit 25 cal- 

so culates a real speed change ratio i p by the following 
equation on the basis of the primary pulley rotation 
speed Npri detected by the primary pulley rotation 
speed sensor 11 and the secondary pulley rotation 
speed Nsec detected by the secondary pulley rotation 

55 speed sensor 12. 

. Npri 
P = Nsec 
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The target speed change ratio deviation computing 
unit 26 calculates a difference ei p between the final tar- 
get speed change ratio ipo processed by the speed 
change ratio limiter unit 23 and the transient target 
speed change ratio i pT calculated by the transient target 
speed change ratio computing unit 24 as described 
hereafter, by the following equation: 

ei p = ipo - i p r 

The time constant computing unit 27 determines 
the time constant T of speed change control based on 
the vehicle speed VSP, throttle opening TVO, the 
selected mode R, N, D or Ds when in the automatic 
operation mode or the speed change ratio command 
value M1 -M6 when the manual operation mode, and the 
speed change ratio deviation ei p . The time constant T is 
a constant to show the response characteristics of the 
transient target speed change ratio i pT relative to the 
final target speed change ratio i po , and is used when the 
transient target speed change ratio computing unit 24 
determines the transient target speed change ratio i pT 
from the final target speed change ratio ipo . Further, the 
larger the speed change ratio deviation ei p is. the larger 
the time constant 7. 

The time constant lower limiting unit 28 limits the 
time constant T set in this way so that it is not less than 
a preset lower limit, and the time constant variation 
speed upper limit limiting unit 29 sets an upper limit so 
that the variation rate of the time constant T does not 
exceed the preset upper limit. 

Using the time constant T processed in this way. 
and the final target speed change ratio i po calculated by 
the speed change ratio limiter unit 23. the transient tar- 
get speed change ratio computing unit 24 calculates the 
transient target speed change ratio i pT by the following 
equation: 

'pt 1+T-s P° 

where, s = Laplacian operator 

A motor drive signal computing unit 30 calculates a 
step motor drive signal to eliminate this difference 
based on the difference between the transient target 
speed change ratio i pT and real speed change ratio i p , 
and outputs it to the step motor 31 . 

Next, the process of determining a speed change 
ratio in the manual operation mode performed by the M 
range speed change ratio determining unit 20 will be 
described referring to the flowchart of Fig. 3. This proc- 
ess is invoked when the manual operation mode is 
selected by operating the operating lever, i.e. when a 
signal is inputted selecting the manual operation mode 
from the M range switch 16. and repeated at a fixed 
interval as long as the manual operation mode is. 
selected. When in this mode, the process execution 
interval is set at a much shorter interval than the time 
required for speed change in the transmission when in 



the manual operation mode. 

First, in a step S51 , it is determined whether or not 
a shift-down has been commanded based on the speed 
change ratio command input value M1* - M6* detected 

5 by the speed change command detection switch 1 7 and 
the current real speed change ratio / p . 

When a shift-down has been commanded, the rou- 
tine proceeds to a step S52. and when a shift-up has 
been commanded, the process is terminated without 

10 executing subsequent steps. Due to this, during a shift- 
up operation, the input value Ml* - M6* detected by the 
speed change command detection switch 17 is input 
without modification to the target primary rotation speed 
computing unit 21 as the command value M1 - M6. 

75 In the step S52, it is determined whether or not a 
shift-down operation is being performed. 

This determination is made by determining whether 
or not a difference between or ratio of the final target 
speed change ratio i po and real speed change ratio i p is 

20 larger than a predetermined reference value. Immedi- 
ately after the manual speed change mode is selected, 
the speed change ratio command value M1 - M6 has 
not yet been entered in the time constant computing unit 
27 and the shift-down operation has not yet started. 

25 As a result, the determination result of the step S52 
is negative in this case. This result may also be negative 
when a shift-down operation has been completed. 

In either of the above cases, after having reset the 
initial flag C to 0 in the step S53. the current gear CurGp 

30 is set one step lower in a step S58, and the process is 
terminated. It should be noted that a lower gear means 
a larger speed change ratio. 

On the other hand once it is determined in the step 
S52 that a shift-down operation is being performed, it is 

35 then determined whether or not the engine brake is 
operating in a step S54. This determination is made by 
determining whether or not the throttle opening TVO is 
equal to or less than a preset value TVO 0 . In other 
words, when the throttle opening TVO is equal to or less 

40 than the set value TVO 0 , it is determined that the engine 
brake is operating. 

When it is determined that the engine brake is not 
operating, the current gear CurGp is set one step lower 
in the step S58. and the process is terminated. 

45 When it is determined that the engine brake is oper- 
ating, it is determined whether or not the initial flag C is 
0 in a step S55. The initial flag C is initialized to 0 when 
the manual operation mode starts. Therefore, the initial 
flag C takes the value 0 the first time the process is per- 

50 formed after the input of a shift-down command or shift- 
up command. 

K the initial flag is 0 in the step S55, it is set to 1 in 
a step S56. Also, the current gear CurGp is set one step 
lower in the step S58. and the process is terminated. 

55 When the initial flag is not 0 in the step S55, the rou- 
tine proceeds to a step S57, and the process is termi- 
nated maintaining the current gear CurGp. 

The speed change ratio command value M1 - M6 
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determined in this way is input to the target primary 
rotation speed computing unit 21 and the time constant 
computing unit 27. The target primary rotation speed 
computing unit 21 calculates the target primary rotation 
speed Npri* based on the speed change ratio command 
value M1 - M6 and vehicle speed VSP as described 
hereabove. The time constant computing unit 27 deter- 
mines the time constant T when the speed change ratio 
corresponding to the command value M1 - M6 is real- 
ized. 

Subsequent speed change control by the controller 
10 is the same as control in the automatic operation 
mode. 

As a result of determining the speed change ratio 
command value by such a process, when, for example, 
the driver operates the operating lever three times in 
succession in the shift-down direction in the manual 
operation mode while the vehicle is traveling at the 
fourth speed M4, the speed change ratio command 
value is determined as follows. 

Specifically, a shift-down command is detected in 
the step S51 . and the routine proceeds to the step S52. 
When the shift-down command is first input, a shift- 
down operation has not yet been performed so the rou- 
tine proceeds to the step S53. and after resetting the ini- 
tial flag C to 0. the speed change ratio command value 
is set from the current fourth speed M4 to the third 
speed M3. and the process is terminated. As a result, 
the controller 10 performs a shift-down to the speed M3. 

On the next occasion the process is executed, as a 
shift-down is being performed from the fourth speed to 
the third speed, the process proceeds from the step S52 
to the step S54. When the engine brake is not operating 
in the step S54, the speed change ratio command value 
is changed to the second speed M2 which is the adja- 
cent larger speed change ratio in the step S58. On the 
other hand, when the engine brake is operating, the ini- 
tial flag C is determined in the step S55. As the initial 
flag C was reset to 0 on the immediately preceding 
occasion the process was performed, the process pro- 
ceeds to the step S56. 

In the step S56. the initial flag C is set to 1 , and the 
speed change command value is changed to the sec- 
ond speed M2 in the step S58 and the process is termi- 
nated. 

On the subsequent occasion when the process is 
executed, the initial flag C is not 0. the process pro- 
ceeds to the step S57 from the step S55, and the proc- 
ess is terminated with the speed change ratio command 
value being held at the second speed M2. 

Therefore, only two inputs out of three shift-downs 
are reflected by a speed change ratio command value. 
A speed change is performed from the fourth speed M4 
to the second speed M2. but provided that a shift-down 
operation and the engine brake is operating, the third 
shift-down input is ignored, and a speed change to the 
first speed M1 is not performed. A shift-down input to 
the first speed M1 becomes possible only after the 



speed change ratio corresponding to the second speed 
M2 is achieved, and it is determined that a shift-down is 
not being performed in the step S52. 

In this way. by limiting shift-down inputs to a maxi- 

5 mum of two. the driver is prevented from experiencing 
an excessive engine brake sensation. 

A second embodiment of this invention relating to 
the limiting algorithm of shift-down operation will now be 
described referring to Fig. 4. 

10 In the aforesaid first embodiment, the change of 
speed change ratio relative to a continuous shift-down 
input was limited to two times, however according to this 
embodiment, a shift-down limit speed change ratio is 
set according to the speed change ratio before the shift- 

75 down operation is started, and speed changes exceed- 
ing this shift-down limit speed change ratio are 
restricted even when shift-down inputs are performed in 
succession. 

For this purpose, the steps S53, S55 and S56 of the 
20 first embodiment are discarded, a new step S101 is pro- 
vided between the steps S52 and S54, and a new step - 
S102 is provided between the steps S54 and S57. In 
this process, when it is determined that a shift-down 
operation is being performed in the step S52, the shift- 
25 down limit speed change ratio is set in the step S101 
depending on the details of the shift-down input as fol- 
lows. 



30 



Shift-down input 


Shift-down limit speed 
change ratio 


M6-»M5 


M3 


M5->M4 


M3 


M4-»M3 


M2 


M3->M2 


M2 


M2->M1 


M1 



Here, the contents of shift-down input are based on 
a speed change ratio when it was first determined that a 
shift-down was commanded in the step S51. For exam- 

45 pie, when a shift-down is input at the fourth speed M4, a 
shift-down to the third speed M3 from the fourth speed 
M4 is commanded regardless of the number of times 
the operating lever is operated continuously, and, in this 
case, the shift-down limit speed change ratio is set to 

so the ratio corresponding to the second speed M2. 

To permit such a setting, the speed change ratio 
when the determination result of step S51 was affirma- 
tive for the first time, is stored, and determination of the 
shift-down limit speed change ratio in the step S101 is 

55 performed based on this stored speed change ratio. 
This processing is made possible by, for example, pro- 
viding steps between the step S51 and step S52 firstly 
for determining whether or not the determination result 
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of the step S51 is the same as on the immediately pre- 
ceding occasion, and secondly for storing the current 
speed change ratio when the determination result is 
negative. 

In the above table,the speed change width to the 
shift-down limit speed change ratio is proportional to the 
speed change ratio before the shift-down operation is 
started, i.e., the smaller the speed change ratio before 
the shift-down operation is started, the larger the speed 
change width. Herein a smaller speed change ratio 
denotes a higher vehicle speed. The reason for this is 
as follows. The engine brake power which acts during a 
shift-down from third speed to second speed, for exam- 
ple, is larger than the engine brake power which acts 
during a shift down from sixth speed to fifth speed. 
Therefore, in order not to let the driver experience an 
excessive engine braking sensation, shift-down through 
plural ratios from speed change ratios corresponding to 
lower speeds must be limited. 

After having set the shift-down limit speed change 
ratio in this way, it is determined whether or not the 
engine brake is operating in the step S54, and if the 
engine brake is operating, it is determined whether or 
not the current speed change ratio is equal to the shift- 
down limit speed change ratio in the step S102. 

When a shift-down operation is not being per- 
formed in the step S52, the engine brake is not being 
operated in the step S54 or the current speed change 
ratio is not equal to the shift-down limit speed change 
ratio in the step S102, there is no risk that the driver will 
experience an excessive engine braking sensation even 
if a shift-down is performed. In this case, the current 
gear CurGp is set one step lower in the step S58. 

On the other hand when it is determined that the 
current speed change ratio is equal to the shift-down 
limit speed change ratio in the step S102, the current 
gear CurGp is maintained in the step S57 and the proc- 
ess is terminated. 

By executing the above process repeatedly, when 
for example, the driver operates the operating lever 
three times in succession in the shift-down direction 
during travel at the fourth speed M4, i.e. when a speed 
change from the fourth speed M4 to the first speed M1 
was commanded, a real speed change operation is per- 
formed only from the fourth speed M4 to the second 
speed M2. To perform a shift-down to the first speed M1 
after shift down to the second speed M2 was com- 
pleted, the operating lever must be operated again to 
perform another shift-down input. The same effect is 
therefore obtained in this embodiment as in the afore- 
said first example. 

Next, referring to Fig. 5, a third embodiment of this 
invention relating to the limiting algorithm of the shift- 
down operation will be described. 

In the aforesaid first embodiment, the change of 
speed change ratio relative to a continuous shift down 
input was limited to two, but according to this embodi- 
ment, a shift-down to the first speed M1 is prohibited 



when the second speed M2 is not achieved in the shift- 
down operation. 

For this purpose, the steps S53. S55 and S56 of the 
first embodiment are discarded, and a new step S201 is 

5 provided between the steps S54 and S57. 

In this process, when it is determined that the 
engine brake is operating in the step S54, it is deter- 
mined in the step S201 whether or not the current gear 
CurGp corresponds to the speed M2. When the current 

10 gear CurGp does not correspond to the second speed 
M2, the current gear CurGp is set one step lower in the 
step S58. 

On the other hand when the current gear CurGp 
corresponds to the second speed M2, the current gear 
75 CurGp is maintained in the step S57 and the process is 
terminated. 

In this example, when speed change to the second 
speed M2 is not complete, a shift-down input to the first 
speed M1 is not accepted. The same effect is therefore 
20 obtained as in the aforesaid first embodiment. 

In all the above examples, this invention is applied 
to a continuously variable transmission, but it may be 
applied to transmissions of all types wherein a manual 
shift operation is transmitted to a transmission via a 
25 controller. 

Also, instead of comparing the throttle opening 
TVQ with the set value 7VO 0 as a method of determin- 
ing whether or not the engine brake is operating in the 
step S54, an acceleration sensor 32 may be provided 
30 for detecting a deceleration of the vehicle in the for- 
ward/reverse direction, and the engine brake deter- 
mined to be operating when the absolute value of the 
deceleration -G detected by the acceleration sensor 32 
is equal to or larger than a set threshold value G 0 . 
35 Further, the determination of whether the engine 
brake is operating may be performed more precisely by 
determining that the engine brake is operating only 
when the throttle opening TVO is equal to or less than 
the set value TVO 0 , and the absolute value of the decei- 
ve eration -G is equal to or larger than the threshold value 
G 0 - 

It should also be noted that, in the description here- 
above, the smallest speed change ratio corresponds to 
the highest speed and the largest speed change ratio 
45 corresponds to the lowest speed. Therefore, shift-down 
denotes a change-over of speed change ratio to a larger 
one while shift-up denotes change over of the same to a 
smaller one. 

The corresponding structures, materials, acts, and 
so equivalents of all means plus function elements in the 
claims below are intended to include any structure, 
material, or acts for performing the functions in combi- 
nation with other claimed elements as specifically 
daimed. The embodiments of this invention in which an 
55 exclusive property or privilege is claimed are defined as 
follows: 
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Claims 



1. A speed change controller for outputting a speed 
change ratio command signal to a transmission of a 
vehicle for selectively applying plural speed change 
ratios from a largest speed change ratio to a small- 
est speed change ratio according to a command 
input by a driver, said vehicle comprising an engine 
being capable of exerting an engine brake on said 
vehicle according to a reduction operation input by 
the driver, characterized in that said controller 
comprises: 

an engine brake sensor (14, 32) for detecting 
whether or not said vehicle is under the action 
of said engine brake, 



3. 



4. 



5. 



w 
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a real speed change ratio detection sensor (11, 
12) for detecting a real speed change ratio of 
said transmission, and 20 

a microprocessor (10) programmed to: 



determine whether or not said transmis- 
sion is performing a shift-down operation 
based on said real speed change ratio and 
said speed change ratio command signal. 

determine a shift-down limit speed change 
ratio based on the speed change ratio 
before said shift-down operation is per- 
formed, and 

refrain from outputting a speed change 
ratio command signal corresponding to a 
speed change ratio larger than said shift- 
down limit speed change ratio when said 
vehicle is under the action of the engine 
brake. 

A speed change controller as defined in Claim 1, 
wherein said microprocessor (10) is further pro- 
grammed to determine said shift-down limit speed 
change ratio such that the larger the speed change 
ratio before said shift-down operation is performed, 
the smaller the difference between said shift-down 
limit speed change ratio and said speed change 
ratio before said shift-down operation is performed. 

A speed change controller as defined in Claim 1, 
wherein said microprocessor (10) is further pro- 
grammed to determine said shift-down limit speed 
change ratio such that a difference between said 
shift-down limit speed change ratio and said speed 
change ratio before said shift-down operation is 
performed is equivalent to a difference correspond- 
ing to two consecutive shift-down operations. 
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A speed change controller as defined in Claim 1 , 
wherein said microprocessor (10) is further pro- 
grammed to determine said shift-down limit speed 
change ratio equal to be a second largest speed 
change ratio among said plural speed change 
ratios. 

A speed change controller as defined in Claim 1 , 
wherein said engine comprises a throttle for 
increasing and decreasing output, and said engine 
brake sensor (14, 32) comprises a throttle opening 
sensor (14) for detecting that an opening of said 
throttle is equal to or less than a predetermined 
threshold value. 

A speed change controller as defined in Claim 1 , 
wherein said engine brake sensor (14, 32) com- 
prises a deceleration sensor (32) for detecting that 
a deceleration of said vehicle in the forward/reverse 
direction surpasses a predetermined threshold 
value. - 

A speed change controller as defined in Claim 1 , 
wherein said engine comprises a throttle for 
increasing/decreasing output, said engine brake 
sensor (14, 32) comprises a throttle opening sensor 
(14) for detecting that an opening of said throttle is 
equal to or less than a predetermined first threshold 
value and a deceleration sensor (32) for detecting 
that a deceleration of said vehicle in the for- 
ward/reverse direction surpasses a predetermined 
second threshold value, and said microprocessor 
(10) is further programmed to determine that said 
vehicle is under the action of said engine brake 
when said throttle opening is equal to or less than 
said first threshold value, and said deceleration of 
said vehicle in the forward/reverse direction sur- 
passes said second threshold value. 

A speed change controller for outputting a speed 
change ratio command signal to a transmission of a 
vehicle for selectively applying plural speed change 
ratios from a largest speed change ratio to a small- 
est speed change ratio according to a command 
input by a driver, said vehicle comprising an engine 
being capable of exerting an engine brake on said 
vehicle according to a reduction operation input by 
the driver, characterized in that said controller 
comprises: 

means (14, 32) for detecting whether or not 
said vehicle is under the action of said engine 
brake, 

means (11. 12) for detecting a real speed 
change ratio of said transmission, 

means (10, S52) for determining whether or not 
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said transmission is performing a shift-down 
operation based on said real speed change 
ratio and said speed change ratio command 
signal, 

5 

means (10, S101) for determining a shift-down 
limit speed change ratio based on the speed 
change ratio before said shift-down operation is 
performed, 

10 

means (10, Si 02, S57) for refrain from output- 
ting a speed change ratio command signal cor- 
responding to a speed change ratio larger than 
said shift-down limit speed change ratio when 
said vehicle is under the action of the engine is 
brake. 
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(57) In a vehicle transmission wherein plural speed 
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according to a command input by a driver, a real speed 
change ratio of the transmission is detected. It is deter- 
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shift-down based on the input command and the real 
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before the shift-down operation is performed, and when 
the engine brake of the vehicle is operating, the trans- 
mission is controlled so as not to apply a speed change 
ratio larger than this shift-down limit speed change ratio. 
Due to this, the driver does not experience an excessive 
engine braking sensation even when an extreme speed 
change command is issued. 
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